What NIOSH Did
We interviewed employees reported to have been diagnosed • with prostate cancer.
We visited the rail yard in June 2011.
•
We observed work practices and interviewed 33 • transportation department employees.
We sampled the air for components of diesel exhaust. • We measured radio frequency power density levels from the • remote control locomotive (RCL) devices and two-way radios.
What NIOSH Found
The number of prostate cancer cases among employees at the • rail yard was not unusual.
Prostate cancer among employees was likely not the result of • working at the rail yard.
The components of diesel exhaust that we measured in air • were generally low.
It is unlikely that transportation department employees were • overexposed to radio frequencies.
Inconsistent use of hearing protection by employees was • observed and reported.
What Managers Can Do
Take additional air samples for elemental carbon to assess • exposure to diesel exhaust. Sample the positions with the highest exposure levels noted in this report.
Include more detailed education on radio frequencies during • the RCL device training for operators.
Make sure that employees know to whom they should report • work-related health problems.
Post signs in the hump yard that state hearing protection is • required in that area.
Make push-in earplugs more accessible to all employees • or provide communication earmuffs that can be worn throughout the work shift.
Have rail yard employees' hearing tested annually. •
Health Hazard Evaluation Report 2011-0045-3149
The National Institute for Occupational Safety and Health received a confidential employee request for a health hazard evaluation at a rail yard in Alabama. The employees submitted the request because of concerns about prostate cancer and exposures to diesel exhaust, radio frequencies, and vibration. summARy
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In January 2011, we received a confidential HHE request from employees of a rail yard in Alabama. The request concerned the occurrence of prostate cancer among transportation department employees and their exposures to diesel exhaust, radio frequencies, and vibration.
Prior to our visit, we interviewed by phone 8 of 12 current or former surviving employees reported to have been diagnosed with prostate cancer. We also reviewed the railroad company's records and other information related to employees' exposures to diesel exhaust, radio frequencies, and vibration. During our on-site evaluation in June 2011, we interviewed 33 transportation department employees and observed work processes, practices, and workplace conditions. We also sampled the air for components of diesel exhaust and measured radio frequency power density levels from the RCL devices and twoway radios. We did not evaluate vibration because previous studies by the railroad company indicated low vibration magnitudes for employees riding locomotives.
The number of prostate cancer cases identified among current and former employees at the rail yard did not appear to be unusual. The prostate cancer reported among workers was likely not the result of working at the rail yard. While most of the 33 interviewed employees reported experiencing at least one health symptom (such as fatigue, headache, runny nose, or congestion) while working, the symptoms can be attributed to various etiologies including heat and underlying seasonal allergies and asthma. Personal exposures to elemental carbon from diesel exhaust were below the applicable OEL for all but one employee. Other sources of elemental carbon may have contributed to the one overexposure, but this requires further evaluation. Our measurements of power density levels suggest that the transportation department employees were unlikely to be overexposed to radio frequencies.
intRoduCtion
In January 2011, NIOSH received an HHE request from employees of a rail yard in Alabama. The request concerned prostate cancer among the transportation department employees at the rail yard and their exposures to diesel exhaust, radio frequencies, and vibration.
Prior to our visit, we interviewed by phone current and former employees reported to have been diagnosed with prostate cancer and reviewed the railroad company's records and other information related to employees' exposures to diesel exhaust, radio frequencies, and vibration. We conducted an on-site evaluation in June 2011 where we observed work processes, practices, and workplace conditions and interviewed transportation department employees. We also sampled the air for components of diesel exhaust and measured radio frequency power density levels from the RCL devices and two-way radios.
Rail Yard Operations
At the time of our HHE, the railroad company provided rail-based transportation services throughout the United States and Canada. The company operated track structures as well as rail yards and terminals. These rail yards and terminals served as classification facilities where railcars were received, sorted, and placed onto new outbound trains. The company operated 36 rail yards within its system.
The rail yard in Alabama employed more than 500 people in its engineering, mechanical, and transportation departments. The approximately 400 transportation department employees were responsible for the safe and efficient operation of trains and the movement of customer freight from one destination to another. Within the transportation department, freight conductors (also called yard foremen) supervised train crews, coordinated switch engine crews, and placed cars to facilitate the loading and unloading and the makeup and breakdown of trains in the yard. Trainmen (also called switchmen or brakemen) switched the railcars and assisted with train operations; engineers operated the locomotives.
RCL devices, worn around the waist by transportation department employees, were used to remotely control locomotives to assist in the classification of railcars (Figure 1) . Classification was performed at the south, bowl, and hump yards. In the hump yard, intRoduCtion (Continued)
cars were pushed up the hump and then released to be sorted by the force of gravity. Classification in the other areas of the rail yard was accomplished on level ground using locomotives to move cars onto different tracks.
Cancer and Prostate Cancer
Cancer is a group of diseases characterized by the uncontrolled growth and spread of abnormal cells. et al. 1996; Krstev et al. 1998a; Krstev et al. 1998b ].
Diesel Exhaust
Diesel exhaust is a mixture of gases and particles. The particulate fraction of diesel exhaust is composed of microscopic cores of elemental carbon, onto which are adsorbed organic carbon compounds [NIOSH 1988; OSHA 1988] . Diesel particulate matter consists of fine particles (0-2.5 µm in aerodynamic diameter), including a high number of ultrafine particles (< 0.1 µm in aerodynamic diameter) ]. Some of the main gases in diesel exhaust are oxides of nitrogen, sulfur, and carbon [NIOSH 1988; OSHA 1988] . Exposure to diesel exhaust has been associated with acute and chronic respiratory effects and lung cancer [EPA 2002] . The Appendix provides more information about diesel exhaust exposures and health effects.
Air sampling for diesel exhaust constituents had not been conducted at this rail yard, but management representatives from the railroad company did provide us with elemental carbon measurements collected at their other rail yards. A total of 188 personal air samples had been collected from transportation department employees for the analysis of elemental carbon. All were below the California Department of Health Services OEL intRoduCtion (Continued)
of 20 µg/m 3 [CDHS 2002 ]. However, because other rail yards may have different workplace and environmental conditions, we determined that conducting air sampling for diesel exhaust constituents at this rail yard was necessary.
Radio Frequency
Electromagnetic waves that have frequencies ranging from 3 kHz to 300 GHz are considered radio frequencies [FCC 1999 ]. According to information provided to us by the manufacturer, Cattron Group International (Sparpsville, Pennsylvania), the Accuspeed™ RCL devices operate at 450-470 MHz. The two-way radios (Nexedge NX-200/300, Kenwood USA, Long Beach, California) operate at 136-174 MHz. The RCL devices (2 watts or less) and twoway radios (5 watts) have relatively low power. The RCL device transmits on a shared time slot and has stationary repeaters that allow it to transmit over longer distances.
Cattron Group International also gave us the specification sheet they used to calculate the power density emanating from the RCL device. The variables and formula they used to calculate the power density were appropriate. Their calculated power density (0.11 mW/cm 2 ) was 10% of the applicable ICNIRP OEL [ICNIRP 1998 ], which is the most conservative OEL. However, because actual measurements can vary from calculations, and other radio frequency sources (two-way radios) existed at the rail yard, we determined that it was necessary to collect radio frequency measurements when employees were operating RCL devices and two-way radios.
Radio frequencies do not have enough energy to displace electrons from atoms or molecules (or cause genetic mutations) and, therefore, are considered non-ionizing radiation [FCC 1999] . The primary effect of concern from radio frequencies is the heating of biological tissue [FCC 1999] . The Appendix provides more information about radio frequency exposures and health effects.
Vibration
Vibration above recommended exposure limits has been associated with changes in the tendons, muscles, bones, joints, and nervous system. Whole-body vibration can cause fatigue, insomnia, stomach problems, headache, and shakiness shortly after or during exposure [Canada Center for Occupational Health and Safety 2011].
Management representatives from the railroad company gave us reports from two locomotive vibration studies that were conducted by Applied Safety and Ergonomics, Inc. (Ann Arbor, Michigan). Both studies were comprehensive and found whole-body vibration magnitudes below the "Health Guidance Caution Zone" from ANSI S3. 18-2002 18- [ANSI 2002 . On the basis of these findings, we decided not to further evaluate vibration from riding locomotives at the rail yard.
The purpose of our HHE was to (1) investigate prostate cancer and assess health symptoms among transportation department employees through confidential medical interviews, (2) characterize diesel exhaust exposures to transportation department employees, (3) measure power density levels from radio frequency emitting devices used by transportation department employees, and (4) evaluate other potential hazards and health and safety policies at the rail yard.
Confidential Medical Interviews
Prior to our visit, we were given a list of 13 current and former employees reportedly diagnosed with prostate cancer since 1999. One employee had died. We contacted the 10 employees for whom we were provided contact information and interviewed them by phone. During these interviews, we asked them about their age at diagnosis, their personal risk factors for prostate cancer, and their work history.
During our visit to the rail yard on June 13-15, 2011, we held confidential medical interviews with first, second, and third shift transportation department employees to discuss their work history, pertinent medical history including diagnoses of cancer, symptoms experienced during work, and other health and workplace concerns. All transportation department employees working in the hump, bowl, and south yards at the time of the interviews were invited to participate. An additional three transportation department employees working in other locations within the rail yard asked to participate. During these interviews, we also discussed the differences between ionizing and non-ionizing radiation and their potential to cause cancer. We explained that the radio frequencies emitted from the RCL devices were of low frequency, considered non-ionizing radiation, and had not been established as a cause of cancer in
adults. We also discussed known risk factors for prostate cancer and informed employees what they could do to prevent cancer.
Assessment of Diesel Exhaust and Radio Frequency Exposures
We collected work-shift personal breathing zone and area air samples for the following constituents of diesel exhaust: elemental carbon particles; "fine" particles (0.01 µm to >1 µm); and NO, NO 2 , SO 2 , and CO gases. Table 1 provides a summary of the elemental carbon sampling methods, and Table 2 provides a summary of the other direct-reading sampling methods we used. 
Assessment (Continued)
Personal sampling was performed on 11 employees over a 2-day period. All 11 employees wore total elemental carbon samplers. Of these employees, five also wore respirable elemental carbon samplers on the opposite sides of their bodies relative to the total elemental carbon samplers, and the other six employees wore NO, NO 2 , SO 2 , and CO meters on various body locations. Paired total and respirable elemental carbon area air samples were collected in three different locations of the rail yard. Most of the personal and area air samples were collected over the entire work shift (approximately 8 hours). The cyclone in the respirable dust sampler had a cut point of 4.2 µm and was used to exclude any potential contribution of elemental carbon from non-combustion sources, such as coal dust in the rail cars. The direct-reading fine particle measurements were made to determine if sources of fine particles other than diesel exhaust from the locomotive engines existed at or near the rail yard.
We collected only a few radio frequency power density measurements near employees while they operated the RCL devices or two-way radios. Our goal was to determine whether a more comprehensive evaluation of radio frequency exposure was needed at the rail yard.
All measurements we collected were compared to applicable OELs. These OELs are listed in the Results section. The Appendix provides more information about these OELs.
Observation of Work Practices
During our visit to the rail yard, we observed work practices among transportation department employees in the south, hump, and bowl yards. We specifically observed employees' adherence to measures that reduced the potential for heat stress and adherence to the use of hearing protection.
Results

Interviews with Employees Diagnosed with Prostate Cancer
We interviewed by phone 10 of the 12 living current or former employees reportedly diagnosed with prostate cancer since 1999. One employee did not have a diagnosis of prostate cancer and another employee, who confirmed a diagnosis of prostate cancer, worked at a different rail yard.
The remaining eight employees all confirmed diagnoses of prostate cancer. Five were Caucasian, and three were African American.
The median age at diagnosis was 54 years (range: 50-60 years). Years of diagnosis ranged from 1999-2009. Three employees reported a family history of prostate cancer, and four reported they were a former or current smoker.
Of the eight employees, five were retired, and three were currently working at the rail yard. Two were diagnosed with prostate cancer after retirement from the railroad company. Three worked as engineers, and five worked as conductors/trainmen. The median number of years between the start of their employment at the railroad company and diagnosis was 31 years, with a range of 28-41 years.
Onsite Interviews with Employees
All 33 invited employees participated in the interviews. All were male. One employee was African American and the other 32 were Caucasian. The median age of the 33 employees was 39 years (range: 25-59 years). Work characteristics of the 33 interviewed employees are shown in Table 3 .
The median years worked at the railroad company was 9 (range: 1-38 years). The median number of years worked at the rail yard was 8 (range: 1-35 years). Thirty (91%) employees reported spending 100% of their work hours within the rail yard, while three (9%) reported spending fewer than 100% of their work hours within the rail yard. Of the interviewed employees, 28 (85%) reported operating an RCL device as part of their job.
Regarding exposures, 32 (97%) employees reported smelling diesel exhaust during their work in the rail yard at least some of the time. Two (6%) employees reported being exposed to diesel exhaust or fumes outside of work. Six (18%) employees reported that they were current smokers, while eight (24%) reported that they were Results (Continued) former smokers. None of the employees reported working with any chemicals during their work in the rail yard.
One interviewed employee reported he had been diagnosed with prostate cancer, and one reported he has been diagnosed with chronic lymphocytic leukemia. The employee with prostate cancer was one of the 13 employees initially identified as having prostate cancer. No other employees reported a history of cancer (including leukemia or lymphoma).
Three (9%) employees reported ever having asthma, while 15 (45%) employees reported ever having hay fever or allergic rhinitis. One employee reported ever having both conditions. Of these 16 employees, six (38%) reported that their symptoms were worse while working in the rail yard or on the locomotives. None of the employees reported ever having emphysema or chronic bronchitis.
Symptoms reported while working in the rail yard or on the locomotives are shown in Table 4 . These symptoms were attributed by the employees to various causes, including heat, seasonal allergies, and less often, diesel exhaust. Four (12%) employees reported experiencing none of the symptoms while working in the rail yard or on the locomotives. outside the rail yard. All other air samples were collected from trainmen in the rail yard. Of these samples, the elemental carbon air concentration measured from Foreman 2 in the bowl yard on June 14, 2011, (18 µg/m 3 ) was outside the range of all the other measurements. After collection, we observed that the sample filter was much darker than all the other sample filters, suggesting that it had possibly been placed in or near the exhaust stream of a locomotive engine. Table 6 displays the area air sampling results for elemental carbon. The area air concentrations of elemental carbon were on average lower and less variable than the personal air concentrations. A comparison of the total and respirable dust sampling results on the same employees (Table 5) suggested that 20% to 43% of the elemental carbon in the personal breathing zones was respirable. A comparison of the total and respirable dust sampling results from the same locations (Table 6) suggested that 38% to 61% of the elemental carbon in the air was respirable.
Results (Continued)
In addition to the elemental carbon, much of the organic carbon in air was respirable (data not shown). Overall, the respirable dust samples had fewer complex organic fractions based on the "thermograms" (evolution of carbon during analysis over different temperatures and atmospheres) than the total dust samples. High levels of some types of organic carbon particulate matter can contribute small amounts of elemental carbon through carbonization. Although combustion aerosol is known to be mainly submicrometer , it is possible that larger agglomerates of elemental carbon were formed in the diesel exhaust of the locomotive engines. Size distribution measurements were not made near the engine exhaust to determine the particle size fraction.
The MDC and MQC for elemental carbon were calculated by dividing the respective analytical limits of detection and quantitation (mass units) by the average volume of air sampled (1.5 m 3 ). The MDC and MQC represent the smallest air concentrations that could have been detected (MDC) or quantified (MQC) on the basis of the volume of air sampled. Concentrations between the MDC and MQC are provided in Tables 5 and 6 in parentheses to indicate the greater level of uncertainty associated with these values.
Results
(Continued) Results (Continued)
Oxides of Nitrogen, Sulfur, and Carbon
Work-shift average personal air concentrations of NO ranged from ND to 0.001 ppm, and work-shift average personal air concentrations of NO 2 ranged from ND to 0.003 ppm. These averages are well below applicable work-shift OELs (Table 7) . Peak instantaneous measurements of NO 2 (< 0.7 ppm) were well below applicable short-term exposure limits and ceiling limits ( Table 7) . The SO 2 and CO meters did not log data as intended. Therefore, we are unable to present the results of those measurements. However, the CO meter worn by Switchman 5 on June 15, 2011, alarmed during a trip to a nearby coke plant, indicating the meter was exposed to a CO concentration >35 ppm. During this trip the switchman described smelling something that burned his nose and stung his tongue, two symptoms associated with exposure to acids. Because CO meters have known cross sensitivities with some acids, following our evaluation, an industrial hygienist from the railroad company conducted more CO air sampling to identify the cause of the alarm. In this subsequent sampling this industrial hygienist discovered that the CO meter alarmed when it was near the locomotive's battery compartment. Upon closer inspection, the industrial hygienist determined that the locomotive battery was leaking acid. This explains both why the NIOSH CO meter alarmed and the switchman's temporary symptoms. To our knowledge, none of the other SO 2 or CO meters alarmed. Although these meters did not log data, we have no reason to believe that they measured levels exceeding the applicable OELs (Table 7) . 
Results (Continued)
Fine Particles
Figure 2 summarizes the fine particle measurements collected at or near the rail yard. On average, the concentration of airborne particles measured in the rail yard (6,700 particles/cm 3 ) was 1.9 times higher than those measured outside the rail yard (3,500 particles/cm 3 ). Background measurements were collected in a residential area about 1 mile northeast of the rail yard near a horse farm. The coke plant east of the rail yard did not appear to contribute to the fine particles in the rail yard air. According to the National Climatic Data Center [http:/www.ncdc.noaa.gov], the wind was predominately out of the north on June 14, 2011, (average 4 miles per hour) and out of the west on June 15, 2011, (average 5.4 miles per hour). Thus, the rail yard was upwind of the coke plant. The sample times and variability for the measurements collected at the rail yard were substantially higher than for the other measurements.
Radio Frequency
The applicable OELs for the operating frequencies of the RCL devices (450-470 MHz) and two-way radios (136-174 MHz) are provided in Table 8 . These OELs are primarily intended to prevent adverse heating of biological tissue. We had a difficult time measuring the power density levels from the RCL devices because they transmitted on shared time slots, and the exposures were brief and intermittent. However, when we did measure the transmission, the maximum power density levels were <10% of the most conservative OEL (1.1 mW/cm 2 [ICNIRP 1998 ]). It is important to note that ceiling limits for power density levels do not exist. To comply with the OELs for 450-470 MHz, measurements should be collected and averaged over a 6-minute period. Doing so in this situation would inevitably lead to even lower levels than the maximum levels we measured. For example, the average levels during 1-minute sampling periods were near zero mW/cm 2 .
The maximum power density level during a two-way radio transmission was five times higher than the most conservative OEL (0.2 mW/cm 2 [ICNIRP 1998 ]). However, to comply with this OEL, measurements should be collected and averaged over a 30-minute period (or 6-minute period for the other OELs). Because the twoway radios were typically operated continuously for less than 10 seconds at a time, averaging over 30 minutes or even 6 minutes would inevitably lead to much lower levels. For example, the average level during a 1-minute sampling period was near zero mW/cm 2 .
Results (Continued)
Work Practice Observations
During our visit, we observed good adherence among employees to measures that reduce the potential for heat stress, including frequent hydration, use of hats, and going into the shade when possible. However, we observed inconsistent and suboptimal use of hearing protection in the south, hump, and bowl yards. These observations were verified by many employees who reported noncompliance with hearing protection during the interviews. Many of these employees reported that they were unable to hear necessary communication through their radios when wearing hearing protection. We also learned from employer representatives that the railroad company conducted audiometric tests on rail yard employees every 3 years. 
Results (Continued)
Cancer Cluster Investigation
Background on Cancer Clusters
Cancers often appear to occur in clusters, which are defined as "unusual aggregations, real or perceived, of health events that are grouped together in time and space" [CDC 1990 ]. A cluster also occurs when the same type of cancers are found among workers of a different age or sex group than is usual. These cancer cases may have a common cause or may be the coincidental occurrence of unrelated causes. The number of cases of all types of cancer may seem high, particularly among the small group of people who have something in common with the cases, such as working in the same building. However, many people fail to consider how common cancer is in this country, especially in an aging workforce.
Diseases often are not distributed randomly in the population, and clusters of disease may arise by chance alone [Metz 1997 ]. In many workplaces, the number of cases is small. This makes it difficult for us to detect whether the cases have a common cause, especially in the absence of apparent cancer-causing exposures. It is common for the borders of the perceived cluster to be drawn around where the cases of cancer are located, instead of defining the population and geographic area first. This often leads to the inaccurate belief that the rate of cancer is high.
Our Methodology in Cancer Cluster Investigations
In conducting an investigation of a perceived excess of cancer occurring among employees of the same workplace, we begin by gathering data on those employees diagnosed with cancer. When cancer in a workplace is described, learning whether the type of cancer is a primary cancer or a metastasis (spread of the primary cancer into other organs) is important. Only primary cancers are used to investigate a cancer cluster. To assess whether the cancers among employees could be related to occupational exposures, we consider the number of cancer cases, the types of cancer, the likelihood of exposure to potential cancer-causing agents, and the timing of the diagnosis of cancer in relation to the exposure. These issues are discussed below as they relate to the request.
Do transportation department employees at the rail yard have more cancer than people who do not work at the rail yard?
When several cases of cancer occur in a workplace, they may be part of a true cluster when the number is greater than we expect compared to other groups of people similar in age, sex, and race. Disease or tumor rates, however, are highly variable in small populations and rarely match the overall rate for a larger area, such as the state, so that for any given time period some populations have rates above the overall rate and others have rates below the overall rate. So, even when a higher rate occurs, this may be completely consistent with the expected random variability. In addition, calculations like this make many assumptions that may not be appropriate for every workplace. Comparing rates without adjusting for age, sex, or other population characteristics assumes that such characteristics are the same in the workplace as in the larger population, which may not be true.
disCussion (Continued)
Eight current and former transportation department employees at the rail yard were identified as having been diagnosed with prostate cancer from 1999 to present. In the United States, one in six men will develop prostate cancer over the course of his lifetime, and prostate cancer is the most frequently diagnosed cancer in men. Because the total number of transportation department employees over this 12 year period was quite large, this was not an unusual number of cases.
Is exposure to a specific chemical or physical agent known or suspected of causing cancer occurring?
The relationship between some agents and certain cancers has been well established. For other agents and cancers, including prostate cancer, there is a suspicion, but the evidence is not definitive. When a known or suspected cancer-causing agent is present and the types of cancer occurring have been linked with these exposures in other settings, we are more likely to make the connection between cancer and a workplace exposure.
No occupational or environmental risk factors for prostate cancer are known, and rail transport workers have not consistently been shown to have a statistically significant excess of diagnosed prostate cancer [Aronson et al. 1996; Krstev et al. 1998a; Krstev et al. 1998b ]. Exposure to certain substances, such as polycyclic aromatic hydrocarbons, pesticides, and cadmium have been suspected to increase the risk for prostate cancer, but study results conflict [Verougstraete et al. 2003; Boers et al. 2005; Sahmoun et al. 2005; Van Maele-Fabry et al. 2006; Huff et al. 2007; Mink et al. 2008] . In addition, a systematic review and meta-analysis of eight studies did not conclude that occupational exposure to whole-body vibration was a risk factor for prostate cancer [Young et al. 2009 ].
The only well-established risk factors for prostate cancer are age ≥ 50 years, African-American race, and having a family history of the disease [American Cancer Society 2011]. All eight interviewed employees who were diagnosed with prostate cancer had at least one known risk factor for prostate cancer.
Has enough time passed since exposure began?
The latency period is the time between first exposure to a cancercausing agent and clinical recognition of the disease. Latency periods vary by cancer type but are usually 15-20 years or longer and are usually a minimum of 10-12 years [Rugo 2004 ]. For example, it can take up to 30 years after exposure to asbestos for mesothelioma to develop. Because of this, past exposures are more relevant than current exposures as potential causes of cancers occurring in workers today. However, with the absence of documented workplace exposures at the rail yard, consideration of latency was not a factor in this HHE.
Evaluation of Exposures at the Rail Yard
Most (88%) employees reported experiencing at least one health symptom during their work at the rail yard or on the locomotives. These symptoms included general ear, nose, and throat; respiratory; and gastrointestinal symptoms. These symptoms were attributed by the employees to various causes, including heat, seasonal allergies, and less often, diesel exhaust. It is difficult to determine a cause of the reported symptoms because they can have multiple causes and are common in the general population.
Because diesel exhaust is a potential lung carcinogen [NIOSH 1988; IARC 1989] , it is advisable to maintain occupational exposures as low as feasible. Most of the personal air concentrations of elemental carbon we measured were less than half of the California OEL. However, two personal concentrations were near or at the California OEL. Both of these measurements were collected with the total dust sampler. On the basis of our comparison of the respirable and total elemental carbon area air concentrations, the total dust sample results may overestimate the actual levels of elemental carbon attributable to diesel exhaust due to the presence of other carbonaceous particulate (e.g., coal dust). Alternatively, it is possible that agglomerated particles larger than the cyclone cut point (4.2 µm) were present in the locomotive diesel exhaust emissions. Additional sampling is necessary to determine whether this is the case. In addition, the air sample collected from Foreman 2 in the bowl yard was possibly placed in the exhaust stream of a diesel engine, and other sources of elemental carbon at the coke plant (i.e., factory emissions and other diesel engines) may have contributed to the higher exposure for Switchman 5.
If the wind had been blowing out of the east, then the coke plant could have contributed to the airborne elemental carbon disCussion (Continued) levels measured for the transportation department employees at the rail yard. However, the wind was blowing from the north or west during our evaluation and the direct-reading fine particle measurements collected just west of the coke plant were near background levels. According to our fine particle measurements, the locomotive engines were the primary source of diesel exhaust at the rail yard. However, it is possible that coke plant emissions may have deposited in the rail yard (at some point in the past) and were resuspended in the air during our sample collection.
Diesel exhaust exposures at the rail yard are likely to vary over time because of differences in environmental conditions (temperature, humidity, wind speed, wind direction, etc.), workplace conditions (number of locomotives, age of locomotives, etc.), and human factors (time spent outdoors, time spent near idling engines, riding in locomotives with open windows, etc.). Consequently, our sampling results may not be representative of an employee's exposure throughout the year. However, the personal air concentrations of elemental carbon we measured are comparable to those in the railroad company's sampling records for other rail yards (geometric mean 1.6 µg/m 3 with an estimated 95th percentile of 15 µg/m 3 ). A review paper [Pronk et al. 2009 ] summarizing diesel exhaust measurements in various industries reported a geometric mean personal concentration of elemental carbon for non-operating train crew of 6 µg/m 3 (inhalable particles). Inhalable particles are more appropriately compared to our total elemental carbon results. The geometric mean personal concentration of total elemental carbon that we measured was 4.5 µg/m 3 . This same review paper [Pronk et al. 2009 ] also reported average personal air concentrations of NO (1.1 ppm), NO 2 (0.3 ppm), and CO (4.5 ppm) for non-operating train crew. We measured lower work-shift average personal air concentrations of NO (<0.002 ppm) and NO 2 (<0.004 ppm). The personal air concentrations of CO were likely below or comparable to the measurements reported in the review paper, but we cannot be certain because the meters did not log data. Because the diesel fuel used in locomotives at the rail yard had ultra-low sulfur content [BP 2010] , it is unlikely that the SO 2 concentrations from the locomotive diesel exhaust would exceed applicable OELs.
Many of the transportation department employees operated RCL devices and two-way radios during a portion of the work day and could receive radio frequency exposures from both devices. The RCL devices and two-way radios were low power and approved for disCussion (Continued) use by the FCC. On the basis of our power density measurements and the transmission frequency of the devices, employees are unlikely to be overexposed to radio frequencies. The potential for overexposure does exist with the two-way radios but only if they were operated continuously for several minutes at a time. This duration of use would require further evaluation of radio frequency exposures. However, we did not observe this duration of use among the employees we monitored. Typically, the two-way radios were operated for < 10 seconds at a time.
disCussion (Continued) ConClusions
The number of prostate cancer cases identified among current and former employees at the rail yard did not appear to be unusual. We do not believe that cancer reported among workers were the result of working at the rail yard. While most interviewed employees reported experiencing at least one health symptom while working, the nonspecific symptoms can be attributed to various etiologies including heat, underlying seasonal allergies, and asthma. The components of diesel exhaust that we measured in air were generally low (below applicable OELs). Other sources of elemental carbon may have contributed to one overexposure, but this requires further evaluation. Because diesel exhaust is a potential lung carcinogen [NIOSH 1988 , IARC 1989 , it is advisable to maintain occupational exposures as low as feasible. Our measurements of power density levels suggest that the transportation department employees were unlikely to be overexposed to radio frequencies.
ReCommendAtions
On the basis of our findings, we recommend the actions listed below to create a more healthful workplace. We encourage the rail yard to use a labor-management health and safety committee or working group to discuss the recommendations in this report and develop an action plan. Those involved in the work can best set priorities and assess the feasibility of our recommendations for the specific situation at the rail yard.
Conduct air sampling for elemental carbon focusing on the 1.
positions with the highest personal air concentrations. It is especially important to determine if the trip to the coke plant was a contributing factor to the overexposure for Switchman 5 and if so, what the relative contribution was from the locomotive's engine. This information can then be used to select the best control measures to minimize exposures.
Provide more detailed education on the RCL devices during 2.
the initial and refresher training for operators. Include explanations on the differences between ionizing and nonionizing radiation, the radio frequencies and power densities at which the RCL devices and two-way radios operate, and the potential health effects from these devices. information that they find on the Internet. It is important to ensure that health information is reliable, up-to-date, and unbiased. The National Library of Medicine and the National Institutes of Health offer guidelines for evaluating the quality of health information on the Internet on their website at http://www.nlm.nih.gov/medlineplus/ evaluatinghealthinformation.html.
Ensure that employees know to whom they should report 5.
any possible work-related health problems. Encourage employees to notify appropriate management representatives in a timely manner.
ReCommendAtions (Continued)
Conduct and analyze annual audiometric tests on rail yard 6.
employees. Although the Federal Railroad Administration only requires audiometric testing every 3 years, NIOSH recommends audiometric testing yearly [NIOSH 1998 ]. Annual audiometric testing is more likely to identify hearing loss early, allowing controls to be implemented to prevent further hearing loss.
Make the push-in style of earplugs more accessible to 7.
all employees. Because the policy at the rail yard is to require hearing protection within 100 feet of an operating locomotive, earplugs are likely to be worn intermittently. The push-in style of earplugs is easier to insert in the ear canal than moldable foam earplugs. This may increase the use of earplugs at the rail yard. As an alternative, consider using communication earmuffs to facilitate radio communications while providing hearing protection. It is important to select hearing protection that does not overattenuate noise based on measured noise levels.
Install signs near the hump yard to notify employees that 8.
they are entering an area where hearing protection is required. This will remind employees to wear earplugs in this high noise area.
Appendix: oCCupAtionAl exposuRe limits And HeAltH effeCts
In evaluating the hazards posed by workplace exposures, NIOSH investigators use both mandatory (legally enforceable) and recommended OELs for chemical, physical, and biological agents as a guide for making recommendations. OELs have been developed by federal agencies and safety and health organizations to prevent the occurrence of adverse health effects from workplace exposures. Generally, OELs suggest levels of exposure that most employees may be exposed to for up to 10 hours per day, 40 hours per week, for a working lifetime, without experiencing adverse health effects. However, not all employees will be protected from adverse health effects even if their exposures are maintained below these levels. A small percentage may experience adverse health effects because of individual susceptibility, a preexisting medical condition, and/or a hypersensitivity (allergy). In addition, some hazardous substances may act in combination with other workplace exposures, the general environment, or with medications or personal habits of the employee to produce adverse health effects even if the occupational exposures are controlled at the level set by the exposure limit. Also, some substances can be absorbed by direct contact with the skin and mucous membranes in addition to being inhaled, which contributes to the individual's overall exposure.
Most OELs are expressed as a TWA exposure. A TWA refers to the average exposure during a normal 8-to 10-hour workday. Some chemical substances and physical agents have recommended STEL or ceiling values where adverse health effects are caused by exposures over a short period. Unless otherwise noted, the STEL is a 15-minute TWA exposure that should not be exceeded at any time during a workday, and the ceiling limit is an exposure that should not be exceeded at any time. Sydbom et al. 2001] . Exposure to diesel exhaust can also cause inflammation in the lungs, which may aggravate chronic respiratory symptoms and asthma. Chronic exposures are associated with cough, increased sputum production, and lung function changes [Ulfvarson and Alexandersson 1990; Sydbom et al. 2001] . Whether a person experiences these acute or chronic health effects depends on the magnitude of their exposures and on individual susceptibility.
Diesel exhaust is considered a probable human carcinogen [IARC 1989 ]. On the basis of the results of laboratory animal and human epidemiology studies, NIOSH considers whole diesel exhaust emissions a potential occupational carcinogen [NIOSH 1988] . Human epidemiology studies suggest an association between occupational exposure to whole diesel exhaust emissions and lung cancer [NIOSH 1988; ARB 1998; Garshick et. al 2004] , while studies of rats and mice exposed to whole diesel exhaust, and especially to the particulate portion, confirm an association with lung tumors [NIOSH 1988; OSHA 1988; ARB 1998 ]. NIOSH has stated that "excess cancer risk for workers exposed to diesel exhaust has not yet been quantified, but the probability of developing cancer should be reduced by minimizing exposure" [NIOSH 1988 ].
Federally mandated OELs exist for NO, NO 2 , SO 2 , and CO (Table 7) ; however, at the present time, no federally mandated OELs exist for diesel exhaust. On the basis of the risk assessment performed by the California Environmental Protection Agency, Office of Environmental Health Hazard Assessment, exposure to 20 µg/m 3 of diesel exhaust particles over a working lifetime would create an excess lung cancer risk of one in a thousand. This level is often considered an acceptable workplace risk and was used as the basis of the California OEL [CDHS 2002 ].
Radio Frequency
The OELs listed in Table 8 are ICNIRP reference levels for occupational exposures [ICNIRP 1998 ], IEEE maximum permissible exposures for the upper tier (people in controlled environments) [IEEE 2005 ], ACGIH TLVs [ACGIH 2011] , and FCC limits for occupational/controlled exposure [FCC 1999 ] for radio frequencies.
The ICNIRP reference levels are based on short-term, immediate health effects such as stimulation of peripheral nerves and muscles, shocks and burns caused by touching conducting objects, and elevated tissue temperatures resulting from absorption of energy [ICNIRP 1998 ]. The FCC limits are intended to prevent similar health effects [FCC 1999] . The IEEE maximum permissible exposures specifically for 100 kHz to 300 GHz are intended to protect against adverse heating of biological tissues [IEEE 2005] . The ACGIH TLVs are based upon the belief that the primary adverse physiological effects of electromagnetic energy in this wavelength and frequency region are thermal [ACGIH 2006] . Two areas of the body, the eyes and the testes, are known to be particularly vulnerable to heating by radio frequency energy because of the relative lack of available blood flow to dissipate the excessive heat load. Intense radio frequency exposures to the eyes of animals have been shown to cause cataracts. Intense radio frequency exposures to the testes of animals have been shown to cause temporary sterility [FCC 1999]. Appendix: oCCupAtionAl exposuRe limits And HeAltH effeCts (Continued) 
